
FIG. 1B 



2/72 



Silicon 
monolayer. 



Er atomic flux 



Growth 
Direction 




© Rare-earth atom 

© Silicon and Germanium 

• Crystal growth modifier 



FIG. 2 A 



Superlattice 

growth 
direction [111] 



(111)-oriented 
surface 




1 1 Superlattice 
FIG. 2B 



/ Crystal space \ 
/ / directions-. \ 

/ [121] 




€h— Erbium 
o— Silicon below plane 
Silicon above plane 



FIG. 2C 



3/12 



Energy 



Conduction- 
band 



- — Energy 
transition 



Valence band- 



FIG. 2D-1 



FIG. 2D-2 



Applied voltage and or 
current for application of 
external electrical field 
and electrical carrier 
injection extraction 




A Ultrathin Erbium containing 
layers of crystal field 
engineered super lattice 

•Erbium deficient Silicon- 
based layers of crystal field 
engineered superlattice 



FIG. 3 



REPLACEMENT SHEET 



4/12 

Gain/loss 




FIG. 4B 



REPLACEMENT SHEET 



42 



5/12 

Rs44 f\y44 



Gain/loss — 24 
element 





Curved 
waveguide 
section 




24 




24 



NxN 
Vertical and 
horizontal, 
overlapping 
waveguides 



FIG. 5 




Light in 0ptjcal 
gate 



FIG. 6 



Light out 



48 



Growth 
direction 



Light 
incident 




FIG. 7 



6/12 




7/12 



CD 




8/12 




1 7 ^ Lateral growth direction 

^ — ► 



FIG. 10 



Growth 
direction 

and 
direction of 

layer 
thickness 
and or 
composition 
chirp 



Silicon 
Layer 



Silicon 
Cap 




Rare-earth 
containing 
layer 



FIG. 11 



Optical 
Receiver 



9/12 

Electrical 
Amplifier, 
signal 
processor, 
Diode laser 
driver 




Laser 
Transmitter 













II 1 1 










FIG. 12 



70 



Electrical 
Switching 
fabric 




FIG. 13 



76 



X1 in 
12 out 



Optical gain 
elements 




CW probe 
input 



FIG. 14 



10/12 



78 



80 



Pump 
waveguide 


















" x -82 



Sidebands 
'waveguides 



FIG. 15 



86 



Pump 
Light in 



X/4 orX/2 ^-n 



-M +- 




Periodic 
index change 



Signal & 
idler out 



FIG. 16 



11/12 




FIG. 17 



94 



Ion-implanted or etched 
cylinders with periodic 
arrangement 



X1-X5 




o°o 0 o°o 





Spatially 
seperated 
channels 



FIG. 18 



12/12 



96 



Vertical 
waveguide 



Optical gain 
element 




Vertical 
waveguide 



Ring 

waveguide. 



FIG. 19 



100 



Laser 
Modulator^ 

Amplifier 

Optoelectronic 
Signal Processor 
and laser source 



coupler 



VLSI silicon 
electronics 



laser output 




Optical 
wavelength 



Silicon wafer 



FIG. 20 



